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malaise and is associated with inflammatory responses characterized by increased levels of inflammatory cytokines, neutrophils, and macrophages in the respiratory tract (26 -28) . Longterm exposure to agricultural dusts is associated with increased occurrence of chronic bronchitis and chronic obstructive pulmonary disease (COPD) (17, 36) , a conglomeration of respiratory symptoms and diseases. Frequent exposure to animal dust dampens inflammatory responses attributable to adaptation (42, 56) , but recurrent inflammation and injury may be responsible for declines in lung function and development of chronic lung diseases. Acute and chronic exposures of experimental animals to animal facility dust are associated with recruitment of neutrophils and macrophages into the lung and lung pathology similar to that in humans exposed to animal facility dust (9, 16, 43) . In vitro exposure of macrophages and lung epithelial cells to animal facility and agricultural dust extracts increases production of proinflammatory cytokines interleukin-6 (IL-6) and IL-8 (40, 46, 61) .
The respiratory epithelium plays important roles in the propagation and modulation of host inflammatory responses to pathogens and particulates via production of immunomodulatory agents such as cytokines and surfactant (5, 35) . Alveolar macrophages play central roles in the control of inflammatory responses through phagocytosis of foreign agents and particulates and production of cytokines. IL-8, a proinflammatory cytokine of the C-X-C chemokine family, is a potent chemoattractant and an activator of neutrophils and is implicated in the pathogenesis of acute and chronic lung diseases (37) . IL-8 also has a wide range of effects on T cells, monocytes, endothelial cells, and fibroblasts. To date, a majority of studies on the effects of animal facility dust on lung inflammatory responses in vitro and in vivo has focused on the understanding of the effects of swine facility dust. However, there appears to be a lack of information of the effects of other animal dusts on lung inflammatory responses and molecular mechanisms underlying such responses.
Poultry production in the United States and elsewhere has increased rapidly in recent years, and the combined value of poultry production in the United States was valued at $38.1 billion in 2012 (1) . The poultry industry in the United States employs over 250,000 workers (2). Workers in the poultry production industry are exposed to significantly higher levels of total dust, endotoxin, total bacteria, total fungi as well as ammonia and carbon dioxide compared with workers in the swine production industry (29, 45) . The levels of total dust and endotoxin in the poultry production environment were found to be at 7-20.3 mg/m 3 and 250 endotoxin U/m 3 , respectively, which significantly exceeds the Threshold Limit Value set by the American Conference of Governmental Industrial Hygienists (ACGIH) and the suggested occupational health guidelines (15) . Poultry workers have a higher prevalence of lower and upper respiratory symptoms and lower baseline lung function compared with workers in swine, cotton, and animal feed industries (25, 45, 53) . As little as 3 h of exposure of naïve human volunteers to a poultry environment caused bronchial responsiveness and increase in IL-6 levels in nasal lavage fluid (26) . Allergic and nonallergic rhinitis, chronic bronchitis, hypersensitivity pneumonitis, and occupational asthma are some of the diseases that are commonly found in poultry production workers (25, 26, 57) .
Despite the high prevalence and severity of acute and chronic respiratory symptoms and lung diseases in poultry workers and the rapid expansion and economic impact of poultry production on United States agriculture, there is very little information on mechanisms underlying lung cellular and molecular responses to poultry dust. Thus the objective of our study was to understand molecular mechanisms of induction of IL-8 expression by aqueous extracts of poultry dust in A549 alveolar and Beas2B bronchial epithelial and THP-1 monocytic cells to better understand lung inflammatory responses.
We found that poultry dust extract is a powerful inducer of IL-8 expression in A549 alveolar and Beas2B bronchial epithelial cells as well as in THP-1 monocytic cells. IL-8 induction was due to an increase in gene transcription and not due to increase of mRNA stability. IL-8 induction was associated with activation of protein kinase C (PKC) and mitogen-activated protein kinases (MAPKs) and sensitive to pharmacological inhibition of PKC and MAPKs. Dust extract induced NF-B and activator protein 1 (AP-1) DNA-binding activities, and IL-8 induction was dependent on NF-B and AP-1 binding to their sites on IL-8 promoter. Studies using chemical inhibitors indicated that dust extract induction of IL-8 was not attributable to lipopolysaccharide (LPS) present in dust or mediated via nitric oxide (NO).
MATERIALS AND METHODS
Preparation of dust extract. Settled broiler poultry dust was collected at 8 wk of animal growth from the poultry facility of Stephen F. Austin State University, Nacogdoches, Texas. It is an indoor facility, where the chickens are floor raised; that is a standard practice for the industry in the United States. The dust was collected into sterile plastic tubes and stored at Ϫ70°C until use. Dust extract was prepared by incubating dust at a ratio of 1:10 (wt/vol) in serum-free F12 K medium containing penicillin (100 U/ml), streptomycin (100 g/ml), and amphotericin B (0.25 g/ml) in an ultrasound water bath for 10 min at room temperature. The mixture was periodically agitated during incubation, and the suspension was first cleared by centrifugation at 800 g for 5 min at 4°C followed by centrifugation at 10,000 g for 10 min at 4°C. The supernatant was filtered using a 0.2-m syringe filter, and the filtrate was divided into aliquots and stored at Ϫ20°C. The concentration of this extract was arbitrarily considered as 100%. Protein concentration of dust extracts was in the range of 0.2-0.4 mg/ml.
Determination of endotoxin, muramic acid, and ergosterol levels. Endotoxin content in dust extracts was determined using the recombinant factor C assay (Lonza) as described previously (48) . Endotoxin content was quantified in relation to United States Reference Standard EC-6 and reported as endotoxin units per milligram of protein of dust extract. Muramic acid, a marker for peptidoglycan, and ergosterol were determined by gas chromatography and mass spectroscopy as described previously (41) . Samples were quantified with an HP 5890 series II Plus gas chromatograph equipped with an HP-5MS column (Hewlett-Packard) and HP Mass Selective Detector.
Cell culture. A549 (ATCC CCL185) lung cells were grown on plastic culture dishes in F12 K medium containing 10% fetal bovine serum. Beas2B (ATCC CRL 9609) lung cells were grown on plastic culture dishes coated with fibronectin, bovine type 1 collagen, and bovine serum albumin in LHC 9 medium. THP-1 cells (ATCC TIB-202), a human acute monocytic leukemia cell line, were grown in suspension culture in plastic tissue culture dishes in RPMI 1640 medium containing 0.05 mM ␤-mercaptoethanol and 10% fetal bovine serum. All cell culture media contained 100 U/ml penicillin, 100 g/ml streptomycin, and 0.25 g/ml amphotericin B. Cells were placed in serum-free media overnight (16 -18 h) before treatment with dust extract.
Cell viability. Cell viability was determined using CellTiter96 Aqueous nonradioactive cell proliferation assay kit (Promega). The kit measures the conversion of [3-(4,5-dimethylthiazol-2-yl)-5-(3-carboxymethoxyphenyl)-2-(4-sulfophenyl)-2H-tetrazolium, inner salt] into a formazan product by metabolically active cells.
RNA isolation, Northern blotting, and quantitative RT-PCR. Total RNA from cells was isolated using TRI-Reagent (Molecular Research Center), and Northern blotting analysis was performed as described previously (7) . For determination of RNA levels by quantitative RT-PCR, RNA was first treated with DNase (Turbo DNA-free kit, Ambion) and cDNA synthesized. IL-8 and 18S rRNA levels were quantified by TaqMan gene expression assays (Applied Biosystems) (IL-8 assay ID: Hs00174103; 18S rRNA assay ID: Hs99999901) using Applied Biosystems 7300 real-time PCR system according to the manufacturer's protocol. RNA levels determined by Northern blotting or TaqMan gene expression assays were normalized to 18S rRNA levels to correct for loading differences.
ELISA. IL-8 levels in cell medium were determined by ELISA (R & D Systems).
Transcription run-on assay in isolated nuclei. Methods for the isolation of nuclei, transcription run-on assay, and RNA isolation were according to previously described protocols (7, 19) . Briefly, cells were lysed by incubation in sucrose buffer I [0.32 M sucrose, 3 mM CaCl 2, 2 mM magnesium acetate, 0.1 mM EDTA, 10 mM Tris·Cl, pH 8.0, 1 mM dithiothreitol, and 0.5% (vol/vol) NP-40] for 5 min, and nuclei were collected by centrifugation at 500 g for 5 min. Nuclei were washed once in sucrose buffer I and stored in glycerol storage buffer [glycerol (40% vol/vol), 50 mM Tris·Cl, pH 8.3, 5 mM MgCl2, and 0.1 mM EDTA] at Ϫ80°C. For transcription run-on assay, equal numbers of nuclei were incubated in reaction buffer (5 mM Tris·Cl, pH 8.0, 5 mM MgCl2, 150 mM KCl, 5 mM dithiothreitol, and ATP, CTP, and GTP at 1 mM each) and 100 Ci of [ 32 P]-UTP (3,000 Ci/mmol) for 30 min at 30°C. Total RNA was isolated using TRIReagent, and equal amounts of radioactive RNAs were hybridized to nitrocellulose membranes containing immobilized plasmid DNAs. Signals were visualized by autoradiography or Phosphor imaging.
Cell transfection and reporter gene assay. Plasmid DNAs were transfected into cells using Lipofectamine 2000 (Invitrogen). Methods for transfection of IL-8 promoter plasmids into A549 and Beas2B cells and luciferase reporter assay were according to the manufacturer's instructions. For transfection of THP-1 cells, cells (2 ϫ 10 6 cells in 0.8 ml) were placed in serum-free RPMI 1640 medium without antibiotics/antimycotics for 24 h before DNA transfection. Liposome-DNA complexes were formed by incubating 2 g of plasmid DNA with 5 l of Lipofectamine in a total volume of 0.2 ml RPMI 1640 medium for 20 min. Afterward, Lipofectamine-DNA mixture was added to cells, and incubation continued for 5 h. After incubation, fetal bovine serum concentration and antibiotic/antimycotic concentrations in cell medium were adjusted to levels in complete medium, and incubation continued overnight (16 h). Cells were then exposed to dust extract. Luciferase activities of cell lysates were normalized to protein content. Original IL-8 promoter plasmids were kindly provided by Dr. Naofumi Mukaida, Kanazawa University, Japan. Constructions of IL-8 promoter plasmids containing mutated AP-1 and NF-B sites have been described previously (6) .
Preparation of nuclear extracts and electrophoretic mobility shift assay. Methods for preparation of nuclear extracts (51) and electrophoretic mobility shift assay (EMSA) (4) were as described previously. DNA-protein complexes were visualized by autoradiography or Phosphor imaging. Sense-strand sequences of oligonucleotide probes used in EMSA are as follows: IL-8 AP-1: 5=-AGTGTGATGACT-CAGGTTTG-3= (Ϫ133/Ϫ114 bp); IL-8 NF-B: 5=-AATCGTG-GAATTTCCTCTGA-3= (Ϫ84/Ϫ65 bp).
Western immunoblotting. Proteins were separated by SDS-PAGE on 10% Bis-Tris gels using MOPS running buffer and electroblotted on to PVDF membranes. Membranes were first reacted with polyclonal rabbit antibodies against phospho-specific ERK, p38, or JNK overnight at 4°C followed by incubation with goat anti-rabbit alkaline phosphatase-conjugated secondary antibody for 1 h at room temperature. Protein bands were visualized, according to enhanced chemifluorescence detection method, by reacting membrane with substrate followed by fluorescence scanning. Membranes were reprobed with actin or tubulin antibodies to assess for equal loading and transfer of proteins.
Statistical analyses. Data are shown as means Ϯ SD or SE. In experiments in which levels in control or untreated cells were arbitrarily set as 100, statistical significance was evaluated by one-sample t-test. In others, paired t-test was used to analyze statistical significance. One-tailed P values Ͻ0.05 were considered significant.
RESULTS

Dust extract induces IL-8 levels in a dose-and time-dependent manner.
Exposure to organic dusts causes upper and lower respiratory tract inflammation (47) . Poultry confinement buildings contain respirable dust levels associated with significant pulmonary function declines (15, 23) . Because organic dust causes both airway and alveolar inflammation, we determined the effects of dust extract on IL-8 mRNA and protein levels in A549 and Beas2B lung epithelial cells and THP-1 monocytic cells. Dust extract increased IL-8 mRNA levels in a dose-and time-dependent manner in A549, Beas2B, and THP-1 cells (Figs. 1 and 2). As little as 0.1% dust extract and as short as 1 h of incubation increased IL-8 mRNA levels in all the cell lines significantly. In THP-1 cells, as low as 0.01% dust extract increased IL-8 mRNA levels. Increases in IL-8 mRNA levels were associated with similar increases in IL-8 protein levels in medium; however, there was a time delay in the accumulation of IL-8 protein levels in A549 and Beas2B cell media. Similar to A549, Beas2B, and THP-1 cells, exposure of human primary small airway epithelial cells to dust extract increased IL-8 and IL-6 mRNA levels (data not shown). We determined the effects of dust extract on the viability of cells to ascertain that induction of IL-8 levels is not caused by cell death (data not shown). No negative effects on cell death were observed with dust extract concentrations up to 0.25% and incubation times up to 3 h in A549 and Beas2B cells and 1 h in THP-1 cells. However, higher dust extract concentration (1%) and longer incubation time (6 h) reduced cell viability by 25-40%. Therefore, in all subsequent experiments, we used dust extract at 0.25% and an incubation time of 1 h for THP-1 cells and 3 h for A549 and Beas2B cells.
Dust extract increases IL-8 gene transcription and promoter activity. We studied the effects of dust extract on IL-8 gene transcription rate by run-on transcription assay and on IL-8 promoter activity by transient transfection to determine whether transcriptional mechanisms mediate induction of IL-8 mRNA levels. IL-8 gene transcription was very low or undetectable in untreated A549, Beas2B, and THP-1 cells, but treatment with dust extract for 1 h markedly stimulated IL-8 gene transcription (Fig. 3A) . Transcription of actin and GADPH were unaffected by treatment with dust extract. In agreement with these data, transient transfection analysis of IL-8 promoter plasmid showed that dust extract stimulated IL-8 promoter activity in A549, Beas2B, and THP-1 cells (Fig.  5) , indicating that transcriptional mechanisms are important for increase of IL-8 levels.
Effect of dust extract on IL-8 mRNA stability. We determined the effect of dust extract on IL-8 mRNA stability in A549, Beas2B, and THP-1 cells, as control of mRNA stability is known to modulate IL-8 mRNA levels (60) . We determined IL-8 mRNA degradation in control and dust extract-treated cells after inhibition of new RNA synthesis with actinomycin D. Treatment with dust extract did not appreciably alter IL-8 mRNA half-life in A549 cells (control cells ϭ Ͻ 1 h; dust extract-treated cells ϭ ϳ30 min) or Beas2B cells (control and dust extract-treated cells ϭ ϳ1 h) (Fig. 3B) . The half-life of IL-8 mRNA in untreated THP-1 cells could not be determined with certainty, as its levels were very low or undetectable; however, the half-life of IL-8 mRNA in dust extract-treated cells (ϳ30 min) was similar to half-life in A549 and Beas2B cells (data not shown).
Dust extract induces AP-1 and NF-B DNA-binding activities. Transcription run-on and transient transfection assays indicated that transcriptional mechanisms primarily mediate dust extract induction of IL-8 mRNA in A549, Beas2B, and THP-1 cells. We determined the effects of dust extract on AP-1 and NF-B DNA-binding activities to understand their role in the stimulation of IL-8 transcription. Dust extract increased AP-1 and NF-B DNA-binding activities in A549, Beas2B, and THP-1 cells, suggesting that they may be important for increased IL-8 transcription (Fig. 4, A-C) . In EMSA experiments, we found that 100-fold molar excess of (14, 24) . We determined whether protein kinase signaling mechanisms are important for induction of IL-8 expression by dust extract. Exposure of A549, Beas2B, or THP-1 cells rapidly increased protein kinase C phosphorylation, detected with an antibody that recognizes phosphorylation of several PKC isoforms, indicating its activation (Fig. 6, A-C) . PKC inhibitors bisindolylmaleimide I, Go6983, and Go6976 inhibited IL-8 mRNA and protein levels by varying degrees in A549, Beas2B, and THP-1 cells, indicating the importance of PKC signaling in the induction (Fig.  7, A-C Go6976 in A549 and Beas2B cells, whereas Go6976 was more effective than Go6983 in THP-1 cells. Because MAPKs couple various cell surface stimuli to cellular responses and are controlled by PKC (11), we determined whether MAPK activation is necessary for IL-8 induction by dust extract. Treatment with dust extract activated ERK, p38, and JNK MAP kinases in A549, Beas2B, and THP-1 cells in a time-dependent manner (Fig. 6, D-F (49) .
Effect of polymyxin B on IL-8 induction.
Poultry dust contains a number of organic and inorganic substances that are potential inducers of IL-8 expression. Our preliminary studies on the fractionation of poultry dust extract indicated that almost all of IL-8-inducing activity was contained in Ͼ10-kDa fractions, indicating that low-molecular-weight substances in dust extract may not be important for IL-8 induction (unpublished observations, R. Saito and V. Boggaram). LPS, peptidoglycan, and ergosterol are some of the major bioactive agents in dust that are potential inducers of IL-8 expression. We found that poultry dust extracts contained high levels of endotoxin (621 Ϯ 116 EU/mg, mean Ϯ SE, n ϭ 3), trace amounts of muramic acid (4.66 Ϯ 0.208 ng/mg, mean Ϯ SE, n ϭ 3), a marker of peptidoglycan, and undetectable levels of ergosterol. To determine whether or not endotoxin was efficiently extracted into the aqueous medium, we extracted dust samples with pyrogen-free water containing 0.05% Tween and compared levels of endotoxin, muramic acid, and ergosterol between dust samples extracted with cell culture medium or 0.05% Tween. Tween is known to efficiently extract endotoxin from a variety of dust samples (54) . We found that Tween extracts contained endotoxin activity at 1,046 Ϯ 18.9 EU/mg (mean Ϯ SE, n ϭ 3) and muramic acid at 117 Ϯ 6.9 ng/mg (mean Ϯ SE, n ϭ 3), but ergosterol was not detectable. These data showed that cell culture medium efficiently extracted endotoxin, but not peptidoglycan, from dust samples. We determined the importance of endotoxin by analyzing the effects of polymyxin B, an inhibitor of endotoxin, on dust extract induction of IL-8 levels (Fig. 8, A-C) . We found that polymyxin B (5-20 g/ml) did not block induction of IL-8 mRNA or protein levels, indicating that LPS in dust extract may not be important for IL-8 induction. In Beas2B and THP-1 cells, polymyxin B potentiated IL-8 mRNA levels induced by dust extract (Fig. 8, B and C) . In separate experiments, we tested the effectiveness of polymyxin B by determining its effect on LPS induction of IL-8 in THP-1 cells and found that polymyxin B (5 and 10 g/ml) inhibited IL-8 mRNA levels by Ͼ80% (data not shown).
Effect of NO synthase inhibitor on induction of IL-8 levels. NO is a well-known proinflammatory agent (39) and a positive regulator of IL-8 levels (55). We tested whether elevated production of NO in cells exposed to dust extract mediates increase of IL-8 levels. NO is produced by the actions of constitutive and inducible NO synthases. Bacterial products, such as LPS, and cytokines stimulate the levels of inducible NO synthase to produce elevated levels of NO. We determined the effects of L-nitroarginine methyl ester (L-NAME), an inhibitor of all forms of NO synthases, on dust extract induction of IL-8 mRNA levels. We found that inhibition of NO synthases in A549 and THP-1 cells had no effect on IL-8 mRNA induction by dust extract (Fig. 8, D and E) , indicating that NO does not mediate IL-8 induction.
DISCUSSION
It is a well-known fact that exposure to agricultural dusts causes respiratory symptoms and respiratory diseases (22, 58) , but information on the underlying cellular and molecular mechanisms is inadequate. Because inflammation plays a key role in the development of cell/tissue injury, understanding mechanisms mediating inflammatory responses is important for the development of new treatments. Gene expression analysis by DNA microarray indicated upregulation of various cytokine mRNAs in A549, Beas2B, and THP-1 cells exposed to poultry dust extract (V. Boggaram, unpublished observa- tions). In this study, we report on the molecular mechanisms mediating induction of IL-8, a prototypic inflammatory cytokine/chemokine (37), by poultry dust extract in lung epithelial and THP-1 monocytic cells. We studied the effects of poultry dust, as very little is known about cellular and molecular mechanisms of lung inflammatory responses to poultry dust. Additionally, the poultry industry is rapidly expanding worldwide and could have significant impact on the respiratory health of workers (1, 2). We show that aqueous extract of poultry dust is a potent inducer of IL-8 mRNA and protein levels in A549 and Beas2B lung epithelial cells and THP-1 monocytic cells. Dust extract induction of IL-8 was primarily due to an increase in IL-8 gene transcription, and the stability of IL-8 mRNA was not affected. DNA binding and mutational studies showed that AP-1 and NF-B binding is necessary to increase IL-8 promoter activity, with NF-B playing a greater role than AP-1 in the induction. Because AP-1 and NF-B are key players in inflammatory responses (30, 52) , their induction by poultry dust could represent a common mechanism for increased production of cytokines and other inflammatory proteins in the lung. Previous studies reported that aqueous extracts of swine barn dust (40, 46) , school dust (3), and cattle feed lot dust (61) increased IL-6 and IL-8 levels in A549 and Beas2B lung cells, and swine dust extract increased IL-6 promoter activity via NF-B activation (31) . By determining the effects of poultry dust extract on IL-8 gene transcription rate and IL-8 mRNA stability and the effects of AP-1 and NF-B mutations on IL-8 promoter, we have provided direct evidence for transcriptional mechanisms acting via binding of AP-1 and NF-B for increased production and secretion of IL-8.
We found that IL-8 induction in A549, Beas2B, and THP-1 cells was associated with PKC and MAPK activation. Inhibition of IL-8 mRNA and protein levels by broad-spectrum PKC inhibitors such as bisindolylmaleimide I and Go6983 in A549, Beas2B, and THP-1 cells and by the more selective PKC inhibitor Go6976 in THP-1 cells further support the importance of PKC activation for IL-8 induction. Whereas the p44/42 MAPK inhibitor PD98059 significantly inhibited IL-8 levels in A549 and Beas2B cells, p38 MAPK inhibitor SB203580 and JNK MAPK inhibitor SP60012 were less effective. In THP-1 cells, PD98059, SB203580, and SP60012 were equally effective to inhibit IL-8 mRNA and protein levels. These data indicate that, whereas PKC activation is necessary for induction of IL-8, the roles of individual MAPKs differ depending on the cell type. Further studies are required to identify PKC enzymes required for IL-8 induction in each of these cell types. Swine barn dust extract (44, 46) and cattle feedlot dust extract (62) induce IL-6 and IL-8 secretion in bronchial epithelial cells via PKC activation. It is known that PKC serves as an upstream activator of MAP kinases. A549 (34), Beas2B (50) , and THP-1 (18) cells express Toll-like receptor 4 (TLR4), and the signaling pathways activated by poultry dust extract, namely PKC, MAPKs, AP-1, and NF-B, are similar to those mediated via activation of TLR4 signaling pathway (32, 33 MAPKs control IL-8 expression via transcriptional and mRNA stabilization mechanisms (21, 60) . MAPKs differentially regulate IL-8 expression depending on the cell type and the stimulus. In human airway epithelial cells, although cadmium activated ERK, p38, and JNK MAPKs, only inhibition of ERK MAPK suppressed IL-8 secretion (12) . In U937 cells, Helicobacter pylori VacA protein induces IL-8 expression primarily via activation of p38 MAPK even though ERK MAPK is also activated (20) . In H441 lung epithelial cells, although Mycobacterium tuberculosis ESAT-6 protein activates ERK, p38, and JNK MAPKs, IL-8 induction is sensitive to inhibition of ERK and p38 MAPKs, but not JNK MAPK (6) .
Cellular responses to aqueous poultry dust extract as found in our study may differ from responses to dust particles per se because aqueous extracts lack lipid-soluble components and particulate matter. Nevertheless, our data showed that aqueous poultry dust extract potently induced IL-8 expression and activated protein kinase signaling pathways, indicative of proinflammatory responses. In preliminary experiments in A549 cells, we found that poultry dust extract was as potent as dust particles, on an equal weight basis, in inducing IL-8 mRNA levels (data not shown). Poultry dust extracts contained high levels of endotoxin activity but low levels of muramic acid, a marker for peptidoglycan, and ergosterol could not be detected. Lack of ergosterol and low levels of peptidoglycan could be due to the extraction of dust without detergent (e.g., Tween). Detergent was not included in the extraction medium, as it would damage cells, resulting in data that are difficult to interpret. Blocking endotoxin with polymyxin B did not inhibit the ability of dust extract to induce IL-8 levels, suggesting that endotoxin in the dust extract may not act independently to induce IL-8 levels. In a preliminary experiment in A549 cells, Escherichia coli LPS (2 g/ml, total 4 g, 2,000 EU) induced IL-8 mRNA less than twofold, whereas poultry dust extract (0.25%, 302 EU) induced IL-8 mRNA by greater than sixfold in agreement with the lack of effects of LPS on IL-8 mRNA levels. Our findings are similar to previous studies that found that neutralization of endotoxin in swine barn dust extract with polymyxin B did not suppress PKC activation or IL-6 and IL-8 release in bronchial epithelial cells (46) . Other evidence, such as the lack of correlation between neutrophil chemotactic activities of medium from bronchial epithelial cells exposed to grain dust extracts and endotoxin levels in extracts (59) , also points to lack of direct effects of endotoxin in agricultural dusts to elicit inflammatory responses. In agreement with these findings, lung inflammatory responses in human subjects exposed to the swine-confinement environment could not be attributed solely to endotoxin levels in the environment (13) . Alternatively, lack of effect of polymyxin B could be due to its inability to inhibit endotoxins in dust extracts. Because agri- cultural dusts contain various strains of Gram-negative and Gram-positive bacteria (38) , endotoxins in agricultural dust are expected to be heterogeneous in nature. It is known that endotoxins display different sensitivities to polymyxin B inhibition depending on their origin (8) . For example, whereas polymyxin B completely inhibited IL-1 induction in human monocytes by LPS from Escherichia coli and Acinetobacter calcoaceticus, it had no effect on IL-1 induction by LPS from Neisseria gonorrheae, Neisseria meningitides, Bordetella pertussis, and Salmonella enteritidis (8) . Paradoxically, polymyxin B at a concentration of 10 g/ml synergized LPS induction of IL-1 secretion in human monocytes (8) . Low levels of peptidoglycan in dust extracts used in our study, coupled with previous observations that peptidoglycan was a weak stimulator of IL-6 and IL-8 levels in bronchial epithelial cells (46) , suggest that peptidoglycan in dust extracts used in our study may not contribute significantly to IL-8 induction. Elevated NO and IL-8 levels are associated with lung inflammation. Treatment of A549 and THP-1 cells with poultry dust extract in the presence of NO synthase inhibitor L-NAME had no effect on IL-8 induction, indicating that NO does not mediate IL-8 induction.
In conclusion, we found that poultry dust extract is a potent stimulator of IL-8 synthesis and secretion in lung epithelial and THP-1 monocytic cells. Although endotoxin was present in dust extracts, it did not seem to be important for induction of IL-8 expression. IL-8 induction was primarily due to an increase in IL-8 gene transcription mediated via increased AP-1 and NF-B binding to IL-8 promoter. IL-8 induction was associated with activation of PKC and MAPK and sensitive to PKC and MAPK inhibition, indicating signaling pathways involving PKC, MAPK, AP-1, and NF-B for IL-8 induction.
Although lung epithelial and THP-1 monocytic cells shared similar mechanisms for IL-8 induction, there were differences in the requirement for MAPKs. IL-8 induction was not dependent on endotoxin in dust extracts or mediated via NO. Activations of PKC and MAPK signaling pathways and AP-1 and NF-B DNA-binding activities as seen in this study could have wider implications for control of lung inflammatory responses attributable to exposure to agricultural or organic dust. 
